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Abbreviations

AGE agarose gel electrophoresis

DGGE denaturing gradient gel electrophoresis

DNA deoxyribonucleic acid

EtBr ethidium bromide

GI gastrointestinal

LAB lactic acid bacteria

LAB8 Lactobacillus fermentum strain LAB8

LAB9 Lactobacillus salivarius strain LAB9

LAB11 Lactobacillus rhamnosus strain LAB11

LAB12 Lactobacillus mucosae strain LAB12

PCR polymerase chain reaction

RNA ribonucleic acid

16S RNA ribosomal RNA
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1. Introduction

Several canine clinical gastrointestinal problems, such as inflammatory bowel

disease and small-intestinal bacterial overgrowth, are believed to be associated

with bacteria (Shanahan 2004). These conditions often lead to chronic diarrhoea.

Many canine gastrointestinal problems are treated with antibiotics, but due to

increasing problems with antimicrobial resistance, alternative therapies should be

considered (Shanahan 2004). One of these therapies is suggested be probiotic

bacteria treatment, especially with members of the genus Lactobacillus due to their

health-conferring properties (Walter  et  al. 2000).

Traditional cultivation and characterization methods have been applied to many

bacterial studies, hence potentially biased the identification and taxonomy of the

intestinal microbiota due to unculturable bacteria (Rinkinen 2006). Bacterial

taxonomy and nomeclature have also changed during time, so the bacteria

identified earlier may now be re-classified as under a different name (Rinkinen

2006).  Cultivation is however still widely used due to its advantages, i.e. low cost

and simplicity.

1.1. Lactic acid bacteria

Lactic acid bacteria (LAB) form a heterogeneous group of gram-positive bacteria.

The bacteria included in the group are gram-positive, nonsporing, nonrespiring

cocci or rod, which produce lactic acid as the major end product during the

fermentation of carbohydrates (Axelsson 2004).   The best known genera are

Enterococcus, Lactobacillus, Lactococcus, Leuconostoc, Pediococcus, Streptococcus

and Weissella (Rinkinen 2004, p.13). Lactobacillus is the largest of the genera

included in the LAB (Axelsson 2004).

LAB can be found in food,  fermented products,  milk,  soil,  water,  manure,  sewage,

animals and humans. LAB can also be a spoilage organism in food and beverages

(Liu 2003).
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Host-associated bacteria with their metabolic contributions to host physiology have

clear trophic functions and play a role in protecting the host against pathogenic

species (Mai and Morris, 2003). LAB comprise an important part of the human and

animal intestinal microbiota. Although LAB are known to perform an important role

in the intestine, there are only few reports on the role of these bacterial species in

canine intestine (Benno et  al. 1992, Davis et al. 1977, Goldin and Gorbach 1984,

Greetham et al. 2002). Most of the canine intestinal LAB belong to the genera

Streptococcus and  Lactobacillus (Rinkinen 2006).

1.2. Identification of LAB

LAB can be divided into rods (Lactobacillus and Carnobacterium) and cocci (all other

genera) (Axelsson 2004). An important characteristic used in differentiation of the

LAB genera is the mode of glucose fermentation under standard conditions

(Axelsson 2004).  LAB can use two different main sugar fermentation pathways.

Homofermentative bacteria yield two lactates from one glucose and

heterofermentative transform a glucose molecule into lactate, ethanol and carbon

dioxide (Axelsson 2004).

The classification of LAB at species level currently relies on molecular biology

methods. The genus Lactobacillus consists alone about 80 recognized species.

(Axelsson 2004)

The use of comparative sequence analysis of the 16S ribosomal ribonucleic acid

(rRNA) gene has become a very important tool in classifying microorganism as it

reflects the natural evolutionary relationships or phylogeny (Vaughan et al.  2002).

It is regarded to be the optimal measure for determining true phylogenetic

relations among bacteria (Axelsson 2004). When comparing the 16S rRNA

sequences of two different organisms they can be regarded as same genus when

the sequence > 97% similar. Deoxyribonucleic acid (DNA)-hybridization can be used

for determining relationships to species level. When the DNA hybridizes >70% they

can be regarded as the same species (Brock et al. 1994).
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The taxonomy of the LAB based on 16S rRNA has presented challenges studying and

identifying the intestinal tract LAB but various molecular approaches have been

developed (Vaughan 2002). These approaches consist of several techniques, such as

polymerase chain reaction (PCR) based methods, denaturing gradient gel

electrophoresis (DGGE) and temperature gradient gel electrophoresis (TGGE)

(Zoetendal et al. 2004).

The consensus tree of the LAB can be seen in the picture 1. The scale below the tree

shows the distance between two genera that differ 10% in the comparison of 16S

rRNA.

 Picture 1. The consensus tree of major phylogenetic groups of lactic acid bacteria based on
 the comparative analysis of the 16S rRNA gene. The tree includes also the nonrelated Gram-
 positive genera Bifidobacterium and Propionibacterium. (Holzapfel et al. 2001)

1.3. The use of LAB as probiotics

Probiotics are living microbes, which are used to promote health as such or as a

food product (Saxelin 2002). These microbes usually belong to the species

Lactobacillus sp. or Bifidobacterium sp. (Chang et al. 2001, Saarela et al. 2000). The
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ingestion of probiotic LAB has many documented or potential benefits, such as

modulation of the GI-tract, antagonism against pathogenic microbes, and

maintaining the intestinal mucosal barrier (Ouwehand et al. 2002, Saarela et al.

2000). Adhesion to the intestinal mucosa is considered to be one of the main

mechanisms for the probiotic LAB to benefit the health of the host (Rinkinen 2004

p.11). Some strains of LAB have been documented to have beneficial effects on the

health of dogs (Baillon et al. 2004, Benyacoub et al. 2003).

The probiotic characteristics of bacteria are linked to host specificity which is an

important criterion for selection of a probiotic (Ouwehand et al. 2002). Other

criteria are bile and acid tolerance and survival in the GI-tract (Saarela et al. 2000).

Most of the commercial probiotic strains meant for dogs are not from canine origin

(Beasley 2004, Manninen et al. 2006).  In addition, many substances available in the

Finnish market contain Enterococcus faecium, i.e. Tehobakt, Aptus, Orionpharma

and Biobak, Biofarm (Anonymous a, Anonymous b), whose safety has been

questioned due to its pathogenic characteristics (Rinkinen et al. 2003).

1.4. Aim of the study

The aim of the present study was to examine the changes in the canine faecal LAB

microbiota caused by fed canine host-specific probiotic LAB.  The purpose was to

become familiar to the isolation of gastro-intestinal microbiota  and to assess the

potential alterations in the faeces by applicable methods.
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2. Materials and methods

2.1. Project

This report is based on the study project investigating the effect of host-specific

canine LAB on long term gastro-intestinal symptoms using DGGE. The study was a

randomized, double-blinded and placebo controlled trial. The most important

methods are PCR and DGGE.

The members of the project group were DVM, PhD, Adjunct Professor Minna

Rinkinen, Professor Per Saris, MSc Titta Manninen, PhD Shea Beasley, CVM Aija

Mehtälä and CVM Susanna Peiponen. The laboratory work for the current study

was completed in the laboratory of professor Per Saris at the University of Helsinki

Faculty of Agriculture and Forestry Department of Applied Chemistry and

Microbiology. The study was funded by the Academy of Finland (project number

177321). The study had a recommendation of the Test Animal Committee of the

University of Helsinki. Responsibilities in the project were divided amongst the

team members so that Dr Rinkinen with CVM Mehtälä were responsible for the

statistical processing of the report forms, whereas Professor Saris, MSc Manninen

and CVM Peiponen were responsible for the microbiological cultivation and

molecule biological methods.

2.2. Study participants

Dog owners with pets suffering from chronic diarrhoea were requested to take part

into the project. The project initiated with a total of 56 participating dogs

throughout Finland. The dogs were selected according to their gastro-intestinal

problems, i.e. diarrhoea and vomiting.

2.3. Supplementation

Half of the participating dogs received 5x 109 cfu/g of each lactic acid bacteria

(Lactobacillus fermentum LAB8, Lactobacillus salivarius LAB9 and Lactobacillus

rhamnosus LAB11) mixed in 1g CaCO3 for three months.  CaCO3 served as a placebo

(1 g) for the rest of the participants.
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2.4. Faeces collection and reporting

The pet owners were requested to report changes in the dog's intestinal problems

by the means of a questionnaire. In addition, faeces from the dogs participating in

Helsinki region were collected in order to identify the effect of the fed substance on

intestinal microbiota. The collected faecal amount was 2-18g per dog.

2.5. Isolation of DNA

The first step in analyzing DNA is to isolate chromosomal DNA.  There are basically

three stages: cellular lysis, removing other components than DNA, and DNA

concentration (Oksanen 2002).

The cellular lysis can be done either chemically or manually. When breaking down

the lipid layer of an animal or bacterial cell, the lysis is usually done chemically. Lysis

can be performed either enzymatically with lysozyme or with chemical detergents

such as SDS or EDTA. When using detergents proteinase K can be additionally used

to break down proteins. (Brown 2006)

After the cellular lysis the mixture contains DNA, RNA and proteins. Proteins are

separated from the mixture with chloroform and isoamyl alcohol. The mixture

forms two layers, the lower organic phase and the upper aqueous phase containing

the DNA material. Most of the proteins denature and form a white layer between

the two phases. After this the DNA can be collected from the mixture by removing

the aqueous phase into a clean test tube.

The DNA is precipitated with either isoamyl alcohol or ethanol (Suominen and

Ollikka 2003). DNA forms a salt and can be centrifuged to form a pellet.

The excess liquid can be removed and the DNA pellet resuspensed into a buffer

solution or sterile water.
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2.6. PCR

PCR is a way to multiply a desired DNA sequence.  The reactions take place in a

temperature-controlled environment. The main key is to use thermostabile DNA-

polymerase, which doesn’t inactivate in high temperatures.  These polymerases

have been isolated for example from bacteria living in hot springs (Suominen and

Ollikka 2003).

The DNA sequence of interest works as a template. The DNA sequence needs to

locate between two known sequences in order to get primers to anneal to the DNA.

The primers anneal at the opposite ends of DNA of interest. The polymerase then

works between the primers.

The PCR reaction holds three basic steps (Picture 2).

First the mixture is heated to a temperature of 94 C. This allows the hydrogen

bonds holding the double-stranded DNA together to break (Brown 2006). This is

called denaturation.

The mixture is then cooled down to 50-60 C. At this point the primers attach to the

template, but the template doesn’t have enough time to renature (Suominen and

Ollikka 2003).

The temperature is raised to about 74 C. This is optimal temperature for the DNA

polymerase to work. The polymerase attaches beside the primer and starts to make

new DNA from the nucleotides added to the mixture. The DNA is complementary to

the template (Brown 2006).

After this step the temperature is raised back to 94 C and the cycle is repeated for

15-40 times.

If the reaction works optimally the amount of DNA can be amplified 10 000 times

from the amount in the beginning (Oksanen 2002).
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 Picture 2. Polymerase Chain Reaction (Oksanen 2002).

2.7. AGE

There are many different ways to analyze DNA which  based on electrophoresis.

AGE (agarose gel electrophoresis) is used to analyze medium-sized 0.1 – 50 kb DNA

fragments (Suominen and Ollikka 2003).

The method is based on the negative charge of DNA molecules. When molecules

are placed on an electric field, the molecules start to migrate towards positive pole

called anode (Brown 2006).

The electrophoresis is located on an agarose gel. Agarose is a polysaccharide

isolated from seaweed, which forms a gel after it has been boiled (Suominen and

Ollikka 2003).  Agarose is used to slow down the migration of the fragments. The

DNA samples are placed on multiple little wells on the gel. Then the power is turned

on and the fragments start to move. Fragments with the same size migrate with the
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same speed trough the mesh of agarose, and therefore gel electrophoresis can be

used to separate DNA according to their size.

Fragments of the same size form bands on the gel, which can be visualized with

ethidium bromide (EtBr) and ultraviolet light. Ethidium bromide infiltrates between

the bases on the DNA. When the mixture is placed under uv-irradiation, the

ethidium-DNA complex fluoresces (Suominen and Ollikka 2003). The problem with

EtBr is that it is highly mutagenic and should be handled with caution (Brown 2006).

2.8. DGGE

DGGE is a method to separate DNA fragments of the same length but with different

sequences (Muyzer and Smalla 1998). DGGE can be used for direct analysis of

genomic DNA from organisms or PCR can be used to selectively amplify the

sequence of interest before DGGE is used if the sequence of interest is known

(Cariello et al. 1988). DGGE can be used for whole community analysis, or for

studying specific populations or groups within the sample (McCartney 2002).

Separation in DGGE is based on the decreased electrophoretic mobility of a partially

melted double-stranded DNA molecule. The melting is caused by polyacrylamide

gel containing a linearly increasing gradient of denaturants, mixture of urea and

formamide. (Muyzer and Smalla 1998)

During DGGE, the DNA fragments encounter increasingly higher concentrations of

chemical denaturant as they migrate through the polyacrylamide gel. Upon

reaching a threshold denaturant concentration, the weaker melting domains,

stretches of base pairs with similar melting temperatures  of the double-stranded

DNA will begin to denature at which time migration slows dramatically (Anonymous

2004 c).

To increase the detection of different sequence variations GC-rich sequences, so-

called GC-clamps, can be incorporated into one of the primers. The GC-clamp acts

as a high melting domain preventing the double-stranded DNA to dissolve



13

completely and thus migrating off the polyacrylamide gel. (Muyzer and Smalla

1998)

The bands of DNA of interest can be visualized using ethidium bromide, as in AGE.

PCR-DGGE has been used for detecting different Lactobacillus- species of

gastrointestinal origin (Endo et al. 2007, Sanz et al. 2007, Walter et al. 2000, Wang

et al. 2007).

2.9. Implementation of the present study protocol

2.9.1 Isolation of DNA from faeces

DNA was isolated from 0,5 g of each dog faeces. The sample was suspensed on 15

ml of wash buffer (50 mM NaPO4 , 0,1% Tween 80, pH 8). The suspension was then

shaken horizontally 150 rpm for 15-20 minutes, centrifuged (Beckman, Palo Alto,

CA, USA)  low speed 200-300 rpm for 15-20 minutes.  The aim of this stage is to

remove the faeces particles from the supernatant. After removing the additional

particles the supernatant was centrifuged for 15000 rpm for 15 minutes. The pellet

was resuspensed in wash buffer and centrifuged again for 15000 rpm for 15

minutes.

The pellet was resuspensed into 1.5 ml of TE buffer (10 mM Tris, 1 mM EDTA). The

suspension was then subjected to four rounds of freezing (-70°C 1 h) and thawing

(+37°C 30 hours). On the fifth round the suspension was kept in -70°C for overnight

and in +37°C for 30 minutes. The main goal for this freezing and thawing is to

accomplish bacterial lysis.

After the suspension was thawed 0.35 ml of lysozyme (200 mg/ml, Sigma-Aldrich,

St. Louis, MO, USA) was added to the suspension and the mixture was incubated for

2-3 hours in +37°C. 10 µl of proteinase K (20 mg/ml, Finnzymes, Espoo, Finland) and

0.14 ml of sodium dodecyl sulfate (20%) were added and the mixture was

incubated +37°C for 1 h. Following this incubation 0.35 ml of 5M NaCl, 0.3 ml of

10% CTAB (hexadecyltrimethyl ammonium bromide) in 0,7M NaCl and 0.5 g of
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1,000µm diameter glass beads were added, followed by 20 minutes of incubation in

+65°C with vortexing every 5 minutes for 30 seconds.

Mixture was then added to an equal volume of chloroform-isoamyl alcohol (24:1)

and centrifuged at 6000xg for 10 minutes at room temperature to separate the

aqueous and organic phases. The upper aqueous phase was the transferred into a

clean test tube.

The DNA precipitated by additing 0.6 volume of isopropanol followed by 1 h

incubation at room temperature. The DNA was collected by centrifugation at 15000

rpm for 15 minutes. The DNA pellet was finally washed with 1 ml of cold -20°C 70%

ethanol and sentrifuged at 15000 rpm. The DNA pellet was finally resuspensed into

50-200 µl 1x TE buffer.  (Apajalahti et al. 1998)

2.9.2 AGE

The AGE gel contained 1.6g of agarose, 200 ml of 1x TBE-buffer and 10 µl of EtBr.

The final gel concentration was 0.8%.

5 µl of each sample was added into well with 1 µl of loading dye. The mass standard

wells  contained 1 µl  of  mass standard,  4 µl  of  double deionised water and 1 µl  of

loading dye summing up to 5 µl. The ladder wells contained 5 µl of 1 kB ladder

solution.

The voltage used was 120 V for 60 minutes.

2.9.3 Isolation of DNA from plated faeces

The problem with PCR and samples collected from faeces is that faeces contain a

large amount of PCR inhibitors (Chambers et al.  2001). In this study the problem of

large amounts of PCR inhibitors was avoided by first plating the faeces to

Lactobacillus selective mLBS-medium (BBL, Becton Dickinson Microbiology Systems,

Cockeysville, MD, USA) and growing the pool overnight for three days at +37°C.  LBS

broth (2 ml) was added on top of the 10 -2 dilution plates. Suspension was collected,

mixed with 0.5 ml of sterile 87% glycerol and frozen at -20°C.
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After  this  the  isolation  of  DNA  was  done  from  2  ml  bacterial  suspension  as

described below in picture 3.  by Anderson and McKay (1983). In addition to the

method by Anderson and McKay (1983), the samples were dipped into liquid

nitrogen before adding lysozyme (Sigma-Aldrich, St. Louis, MO, USA). The lysozyme

(100 mg/ml) was employed with 20 mg/ml proteinase K (Finnzymes, Espoo, Finland)

for 1 h at 37°C. RNase (Sigma-Aldrich Chemie GmbH, Steinheim, Germany) was

added at the end of the isolation procedure.

Picture 3. Isolation of DNA from bacterial suspension (Anderson and McKay 1983).

2.9.4 PCR

Universal primers R1401 (5'-CGG TGT GTA CAA GAC CC-'3) and F968-GC (5'-GC-

clamp AAC GCG AAG AAC CTT AC-3') were employed.  The universal primer F968GC

contains a GC-clamp (5'-CGC CCG GGG CGC GCC CCG GGC GGG GCG GGG GCA CGG

GGG G-3') (Nübel et al. 1996, Zoetendal et al. 2002).
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The PCR mixture contained 2 µl of the template and 23 µl of Master mix.

Master mix (1X) contained 15.8  µl sterile water, 5M 5 µl betaine (Sigma-Aldrich

Chemie GmbH, Steinheim, Germany),10X 2.5 µl Dynazyme buffer (Finnzymes,

Espoo, Finland), 0.5 µl dNTP (the nucleotides necessary for the reaction, Finnzymes,

Espoo, Finland), 0.5 µl x2 of both primers (Oligomer, Espoo, Finland), and 0.18 µl

Dynazyme (DNA polymerase, Finnzymes, Espoo, Finland).

The universal primer PCR program was 94°C for 3 minutes (denaturing

temperature), followed by for 35 cycles of 94°C for 1 minute, 51°C  1 minute

(annealing temperature) and  72°C for 2 minutes (temperature optimal for DNA

polymerase).  A cycle of 72°C  for 10 minutes ended the program (Table 1).

Table 1. The Polymerase Chain Reaction amplification program. The phases highlighted were
repeated for 35 times.

Phase Temperature Time

Denaturing 94°C 3 minutes

Denaturing 94°C 1 minute

Annealing 51°C 1 minute

Synthesis of new DNA 72°C 2 minutes

Synthesis of new DNA 72°C 10 minutes

Storage 4°C hold

2.9.5 DGGE

The DGGE analysis was conducted of the amplified canine faeces samples.

 The DGGE gel wells were filled with 20µl of PCR mixture and 10µl of 2x loading dye.

The DGGE gel used in the project had the concentration of 35%-55% of urea and

formamide from Bio-Rad DCode Electophoresis Reagent Kit for DGGE and CDGE.
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Solution with the low concentration 35% was made by adding 4,55 ml of 100%

solution (15 ml 40% acrylamide/bis, 2 ml 50x TAE Bio-Rad, 40 ml formamide, 42g

urea) and 8.45 ml of 0% solution (15 ml acrylamide/bis, 2 ml 50x TAE Bio-Rad, 83 ml

water).

Solution with the high concentration 55% was made by adding 7,15 ml 100%

solution, 5.85 ml of 0% solution and 60 µl of GelStar© nucleic acid stain (FMC

BioProducts, Rockland, ME).

The temperature used was 60°C, time 4.5 hours and the voltage 150V in a Dcode

apparatus (Bio-Rad, Hercules, CA, USA) containing a magnetic stirrer.
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3. Results

The AGE done after the DNA isolation contained large amount of DNA, as seen in

the picture 4.

 Picture 4. AGE after isolation of DNA. The lanes from left to right: 1. 1 kB ladder standard, 2.
20 mass standard, 3. 40 mass standard, 4. 60 mass standard, 5. 80 mass standard, 6. 100
mass standard, 7. sample from dog 44288 after one week, 8. sample from dog 76535 after
one week, 9. sample from dog 10975 after two weeks, 10. sample from dog 98336 after two
weeks, 11. sample from dog 48111 after three weeks, 12. sample from dog 90360 after three
weeks, 13. 1 kB ladder.

In DGGE (Pictures 5. and 6.) the lanes were arranged so that samples from the same

dog were side by side. During the experiment bands correlating with LAB standards

are dominant. In most dogs the bands seen in the picture are different before and

after the feeding than during the experiment. The canine microbiota reverted to

the prior feeding situation when probiotic intake seized. In one of the dogs new

bands appeared on the DGGE gel after the feeding ended. These bands are of

unknown bacteria, nor resembling the bands of the Lactobacillus -strains.
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 Picture 5. DGGE. Lanes from left to right: 1. LAB8 isolated from the substance fed to dogs, 2.
LAB9 isolated from the substance fed to dogs, 3. LAB11 isolated from the substance fed to
dogs, 4.LAB8 pure culture, 5. LAB9 pure culture, 6. LAB11 pure culture, 7. standard, all the
LAB strains from pure cultures, 8. sample from dog 78925 before feeding of the substance,
9. sample from dog 78925 after 1 month, 10. sample  from dog 78925 after 2 months, 11.
sample from dog 78925  after 3 months, 12. sample from dog 78925 2 weeks after the
feeding had ended, 13. sample from dog  44288 before feeding of the substance, 14. sample
from dog  44288 after 1 month, 15. sample from dog  44288 after 2 months, 16. sample
from dog  44288 after 3 months, 17. sample from dog  44288 2 weeks after the feeding had
ended, 18. standard with all the LAB strains, 19. sample from dog 58209 before feeding of
the substance, 20. sample from dog 58209 after 2 months, 21. sample from dog 58209 after
3 months, 22. sample from dog 58209 2 weeks after the feeding had ended.
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Picture 6. DGGE. Lanes from left to right: 1.standard with all the LAB strains, 2. sample from
dog 14684 before the feeding of the substance, 3. sample from dog 14684 after 1 month, 4.
sample from dog 14684 after 2 months, 5. sample from dog 14684 after 3 months, 6.
sample from dog 14684 2 weeks after the feeding had ended, new bands pointed with
arrow, 7. sample from dog 07446 before the feeding started (sample propably not in the
well) 8. sample from dog 07446 after 1 month, 9. sample from dog 07446 after 2 months,
10. sample from dog 07446 after 3 months, 11. sample from dog 07446 2 weeks after the
feeding had ended, 12. standard with all the LAB strains, 13. sample from dog 00056 before
the feeding of the substance , 14. sample from dog 00056 after 1 month, 15. sample from
dog 00056 after 2 months, 16. sample from t dog 00056 after 3 months, 17. sample from
dog 00056 2 weeks after the feeding had ended, 18. standard with all the LAB strains from
pure culture, 19. LAB8 pure culture, 20. LAB9 pure culture, 21. LAB11 pure culture, 22. LAB8
isolated from the substance, 23. LAB9 isolated form the substance, 24. LAB11 isolated from
the substance
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4. Discussion

This study examined the changes in the canine faecal LAB microbiota caused by fed

canine host-specific probiotic LAB.  The purpose was to become familiar to the

isolation of gastro-intestinal microbiota  and to assess the potential alterations in

the faeces by applicable methods.

To summarize the results, the method for isolation of the LAB DNA from the faeces

described by Apajalahti et al. (1998) was applicable for this study. Strength of this

method compared to other methods is the efficiencies of bacterial extraction and

lysis (>95% and <99% respectively) and therefore the DNA recovered should

accurately reflect the bacterial communities of the faeces (Apajalahti et al. 1998).

After testing several methods for isolating DNA from faeces, the method described

by Apajalahti et al. (1998) worked best.

In the DGGE analysis the bands resembled those of the LAB strains fed to the dogs

formed on the DGGE-gel.  DGGE analysis is a reliable way to analyze bacterial

communities. However, in this study the reading of the DGGE gel was challenging

due to maybe a bit too wide concentration gradient. For additional research smaller

concentration gradient on the gel is suggested. At this study the results seen on

DGGE gel are not as reliable as hoped.

Some alterations of the microbiota could be seen on the DGGE gel. During the

experiment the bands resembling those of standard strains are dominant. This

implies the Lactobacillus strains of interest being able to survive the canine

intestine. However, after feeding seized the bands formed by the strains of interest

disappeared and were replaced with bands of indigenous LAB. This implies that the

strains can't keep their status as a dominant LAB without dietary supplementation.

This is  in accordance of previously reports documenting that it is virtually

impossible to change the intestinal microbiota permanently once it has established

(Baillon 2004).

Interestingly, after the feeding seized, some new bands appeared on DGGE gel. In

order to identify the new bands and potential novel microbes the bands could have
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been cut out from the gel and sequenced. This was not done in the present study.

However, Manninen et al (2006) reported a similar outcome when the probiotic

mixture was fed to laboratory beagles, documenting a contribution of LAB8 to

LAB12 to the enhanced prevalence of Lactobacillus acidophilus . In their study the

changes in the gut microbiota prevailed for a relatively long period. In the present

study the length of the microbial alteration was not examined.

Strength of the study was finding an applicable method for analyzing bacterial

community and alteration without cultivation. As the rapid molecular techniques

evolve, they compensate to the traditional methods including bacterial cultivation.

it is commonly recognised that some aspects of phenotypic characterization are

principally flawed, i.e. observation of a similar phenotype does not always equate

to a similar or closely related genotype (McCartney 2002).

Never the less, there were some limitations to the study:  Isolating DNA from faeces

would have given a wider knowledge of the existing microbiota compared to the

use of cultured microbiota. It is estimated that only 40% of human intestinal

microbiota is culturable, similar outcome can be expected also in dogs (Rinkinen

2006). DGGE analysis from faecal DNA would have detected also the microbiota

that can not be cultivated. Also the DGGE- gradient used in the study was not

accurate enough. At this study the LAB strains could not be identified from each

other because the bands they formed in DGGE gel were so close to one another.

Also the study turned out to be more challenging than expected. Finding applicable

methods for this study took a lot of research. At the time of our study DGGE

analysis was still a new technique. Also faeces still seem to be a challenging

material for DNA isolation. It took many tries to find a successful method to isolate

DNA.
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5. Conclusions

During the study DGGE analysis proved to be a working method for analyzing

bacterial communities.  When the method comes more familiar, it will probably

come as common in use as AGE due to its advantages.

Currently,  the material costs of DGGE compared to AGE may limit the use of DGGE

in everyday laboratory work.

More research is needed to determine the potential use of the used Lactobacillus

strains as a probiotic, i.e. a clinical trial with documented affects on the GI-

symptoms of the dogs and a trial focusing on the suggested selective advantage of

the indigenous LAB resulting from the probiotic LAB strain supplementation is

warranted.
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